Background/Aims: The study aimed at investigating the impact of serum magnesium (Mg) baseline level and its variability on mortality in maintenance hemodialysis (MHD) patients. Methods: Eligible patients receiving regular MHD at Ningbo No. 2 Hospital between January 2009 and August 2016 were enrolled and follow-ups were conducted afterwards until death or transplantation. General information, laboratory results, and outcomes of subjects were collected. The relationship between baseline serum Mg level, its coefficient of variation (CV), and all-cause mortality and cardiovascular disease mortality were assessed, respectively. Subjects were divided into groups in 2 manners: by serum Mg level (lower Mg group: serum Mg < 1.00 mmol/L, higher Mg group: serum Mg ≥1.00 mmol/L) and by serum Mg CV (high variation group: CV ≥0.149 mmol/L, middle variation group: 0.114 mmol/L ≤ CV < 0.149 mmol/L, and low variation group: CV < 0.114 mmol/L). Results: 169 MHD patients were recruited in the study, with mean serum Mg 1.00 ± 0.18 mmol/L, average age 60.20 ± 15.64 years, and median dialysis duration 37.00 (18.30, 77.97) months. During the follow-up, 69 (40.83%) patients died, 24 (34.78%) of which died due to cardiovascular disease. Comparing the two groups, patients in the lower Mg group had a higher all-cause mortality (50.00 vs. 29.33%, p = 0.007). The multivariate Cox regression analysis suggested that lower Mg level was an independent factor for all-cause mortality as well as cardiovascular mortality (HR = 13.268, 95% CI 6.234-28.237, p < 0.001; HR = 12.702, 95% CI 3.737-43.174, p < 0.001, respectively). However, there were no significant statistical differences of all-cause and cardiovascular mortality among these three groups concerning Mg variation. And in the univariate and multivariate Cox regression analysis, serum magnesium CV was not the independent factor for all-cause mortality and cardiovascular mortality. Conclusions: The lower baseline serum magnesium level was associated with all-cause and cardiovascular mortality in MHD patients. However, the variability of magnesium level was not independently associated with the risk of death and further studies need to be conducted.
Introduction
The all-cause mortality rate of patients on dialysis in 2015 was 174.4 deaths per 1,000 patient years, much higher than that in the general population [1] . Electrolyte disorder is the most common etiology of mortality in the maintenance hemodialysis (MHD) patients [2] [3] .
Magnesium (Mg) is the second abundant intracellular cation which plays a vital role in the regulation of vascular tone, heart rhythm, and platelet-activated thrombosis [4] . In the general population, low serum Mg level has been associated with higher risk of hypertension, type 2 diabetes mellitus, cardiac arrhythmia, cardiovascular diseases (CVD), and mortality [5] [6] . While in MHD patients, the risk of mortality owing to excursions in magnesium levels has been largely neglected. Therefore, the relationship between serum Mg levels and mortality in patients undergoing MHD is worth exploring.
The serum Mg is closely related with serum potassium [7] . Mg plays a role in the active transport of calcium and potassium ions acrossing cell membranes, a process important to nerve impulse conduction, muscle contraction and normal heart rhythm [8] . Higher variability of serum potassium level suggested an increased risk of death [9] . However, few studies could determine whether serum Mg variability is associated with mortality in MHD patients. Therefore, we conducted this study to clarify the relationship between serum Mg baseline level, serum Mg variability and mortality in MHD patients.
Patients and Methods

Patients
Patients aged 18 years and older receiving regular MHD at Ningbo No. 2 Hospital between January 1, 2009 and August 31, 2016 were screened and enrolled. The inclusion criteria were dialysis duration over 3 months, currently in a stable condition, use of arteriovenous fistula and volunteering to participate. Exclusion criteria were incomplete data, lack of follow-up, proton pump inhibitors use at the time of enrollment. A follow up was conducted and ended upon patient death or transplantation. A standardized dialysis procedure was performed to all subjects with bicarbonate dialysis fluid running at 500 mL/min, dialysate flow and blood flow going between 200 and 300 mL/min. Dialysis concentration were as follows: sodium 137.8 mmol/L, potassium 2.0 mmol/L, calcium 1.5 mmol/L and magnesium 0.5 mmol/L.
The study was approved by the Ethics Committee of Ningbo No. 2 Hospital.
Data Collection
Baseline clinical data included age, gender, the etiology of kidney disease, body mass index (BMI), dialysis duration, medication history, Kt/V measured by HD Adequest software (Huibaitong hemodialysis system, Beijing, China), and ultrafiltration volume. Pre-dialysis blood was taken including：white blood cell count (WBC), hemoglobin (Hb), platelet count (PLT), serum calcium, phosphorus, potassium, sodium, Mg, intact parathyroid hormone (iPTH), serum albumin (Alb), ferroprotein and high-sensitivity C-reactive protein (hs-CRP). The baseline data was obtained during the first 3 months of hemodialysis. Each patient was follow-up every 3 months with serum Mg level measured at each visit.
Groups
The patients were divided into 2 groups based on serum Mg level, with mean value 1.00 mmol/L: the lower Mg group (serum Mg < 1.00 mmol/L) and the higher Mg group (serum Mg ≥1.00 mmol/L).
Serum magnesium variation was presented in forms of standard deviation (SD) and the coefficient of variation of serum magnesium (CVSM). CVSM was calculated as the ratio of SD to the mean of serum magnesium [9] . Patients were further divided into three classifications according to each tertile of magnesium CV: high variation group (CV ≥0.149 mmol/L), middle variation group (0.114 mmol/L ≤CV < 0.149 mmol/L) and low variation group (CV < 0.114 mmol/L).
Outcomes
The study outcome data were cardiovascular and all-cause mortality, obtained from the history information system (HIS) at Ningbo No. 2 Hospital. CVD mortality includes deaths due to heart failure, ischemic heart disease, arrhythmia, and cerebrovascular disease.
Statistical Analyses SPSS 22.0 was used for all statistical analyses. Continuous normally distributed data were presented as the mean ±SD, and Student's t test or ANOVA analysis was used to compare the data within the groups. Non-normally distributed data were presented as the median (interquartile ranges), and comparisons within the groups were analyzed by Mann-Whitney U test or Kruskal-Wallis H test, as appropriate. Categorical data were presented as the number of cases and percentages, and Chi-Square analysis employed.
Cox regression analysis was adopted to evaluate independent predictors for all-cause and cardiovascular mortality. Risk factors were firstly assessed with univariate analysis and variables with significant relevance were further tested by multivariate analysis. KaplanMeier curves were performed and the log-rank tests were computed to compare curves of cardiovascular mortality and all-cause mortality in each group. Statistical significance was defined as a p value < 0.05. Data were presented as hazard ratio (HR) with 95% confidence intervals (CI).
Results
Baseline Characteristics
A total of 185 patients receiving regular MHD at Ningbo No. 2 Hospital between January 2009 and August 2016, were eligible. Among those, 16 patients were excluded because of incomplete data or lack of follow-up, and the remaining 169 patients were enrolled in this study.
The main characteristics of the 169 patients are summarized in There were 94 patients (55.62%) in the lower Mg group and 75 patients (44.38%) in the higher Mg group. In lower Mg group, the levels of age, WBC, PLT, hs-CRP were significantly higher, but dialysis duration, Kt/V, serum calcium, iPTH were significantly lower, compared with those in higher Mg group. During the follow up, 69 (40.83%) patients died, 24 (34.78%) of whom died of cardiovascular events. Compared with that in the higher Mg group, patients had a higher all-cause mortality in the lower Mg group (50.00 vs. 29.33%, p = 0.007) ( Table  1) .
According to serum magnesium CV, the patients were divided into three classifications as mentioned above. The dialysis duration and serum magnesium in the middle variation group were significantly higher, compared with those in the low variation group and the high variation group (p < 0.05). However, the other parameters showed no significant statistical differences among the three groups ( Table 2) .
The Association between Magnesium Baseline Level and Mortality
During the follow up, 69(40.83%) patients died. The causes of death for these 69 cases are shown in Table 3 . Cardiovascular events (34.78%) were the primary cause of death, followed by cerebrovascular disease (24.64%) and sepsis cause (15.94%) ( Table 3) .
The cumulative overall survival rate was 94.6 ± 1.9% in the first year, 73.0 ± 3.7% in the third year, and 63.3 ± 4.3% in the fifth year. Cardiovascular survival rates in the first, third and fifth year were 98.1 ± 1.1%, 90.1 ± 2.6% and 81.9 ± 3.8%, respectively. Kaplan-Meier curves showed that the patients in the lower Mg group had higher all-cause (log rank = 70.784, p < 0.001) and cardiovascular mortality (log rank = 30.127, p < 0.001) than patients in the higher Mg group (Fig. 1, 2) The multivariate Cox regression analysis showed that lower Mg level was an independent factor for all-cause mortality as well as cardiovascular mortality (HR = 8.304, 95% CI 4.259-16.192, p < 0.001; HR = 9.721, 95% CI 3.251-29.066, p < 0.001; respectively). In addition, age, low serum Alb and hs-CRP were also independent factors for all-cause mortality and cardiovascular mortality (p < 0.05) ( Table 4) . The Association between Magnesium Variability and Mortality There were no significant statistical differences of all-cause and CVD mortality among these three groups (Table 2 ). Kaplan-Meier curves showed that the patients in the high variation group had a higher all-cause mortality (log rank = 9.991, p = 0.002) than that in the middle variation group, and slightly higher than that in the low variation group, though without significantly statistical difference (log rank = 1.542, p = 0.241) (Fig. 3) . There was no significantly statistical difference between serum magnesium CV and cardiovascular mortality (p > 0.05) in the MHD patients. (Fig. 4) However, in the univariate and multivariate Cox regression analysis, serum magnesium CV was not the independent factor for all-cause mortality or cardiovascular mortality.
Discussion
This study was intended to investigate whether serum Mg baseline level and its variability have an effect on all-cause and cardiovascular mortality in MHD patients. The results showed that patients with in lower Mg group had significantly different baseline character- Kaplan-Meier curves for allcause mortality according to the category of serum magnesium variability. Kaplan-Meier curves showed that the patients in the high variation group had higher all-cause mortality (log rank = 9.991, p = 0.002) than that in the middle variation group, and slightly higher than that in the low variation group, though without significantly statistical difference (log rank = 1.542, p = 0.241). p < 0.05 comparing the high CV to the middle CV, p < 0.05 comparing the high CV to the low CV, p < 0.05 comparing the low CV to the middle CV. istics: greater age, higher hs-CRP and lower serum calcium and PTH. Moreover, a low serum Mg level independently predicted all-cause and cardiovascular mortality. However, the variability of magnesium level was not independently associated with the risk of death. Mg is important in regulating certain aspects of cardiovascular system and also in survival [10] . A negative correlation between serum Mg level and mortality has been reported in peritoneal dialysis patients [11] . The other study showed that lower serum Mg level was significantly associated with increased all-cause and cardiovascular mortality in MHD patients, coinciding with earlier studies [12] [13] [14] [15] [16] . This relationship was further acknowledged by a meta-analysis study that found a significant inverse association between Mg intake and the risk of CVD events in different patients in19 prospective studies including 532,979 participants [17] . Chronic Mg deficiency is associated with multifactorial cellular necrosis, accumulation of intracellular calcium, increased platelet aggregation, coronary vasoconstriction, atherogenesis, and cardiac arrhythmia [18] .
The risk factors for hypomagnesemia in MHD patients are complex. The Mg content in the body is tightly regulated by an orchestrated interaction among the intestines, kidneys, and bones [19] . Hypomagnesemia is mainly caused by low Mg intake, enhanced urinary excretion, and reduced gastrointestinal absorption. Since urinary Mg excretion is mostly negligible among hemodialysis patients, hypomagnesemia of these patients is largely determined by dietary Mg intake as well as dialysate Mg concentrations. Under the same dialysate Mg concentration, serum Mg levels are well correlated with the dietary amount of Mg [20] . Luis et al. reported that the daily amount of Mg intake of hemodialysis patients is very low, and only 2% of patients consume Mg above the minimum requirement [21] . This is probably because magnesium-rich foods are also rich in potassium, which should be restricted for patients with end-stage kidney disease [22] . In lower Mg group, there was a higher proportion of elderly patients with a long-term poor appetite in general, which could be accompanied with malnutrition, an important cause of hypomagnesemia. Moreover, hypomagnesemia is associated with inflammation [23] , which coincided with our study. Studies have suggested that increased inflammatory indicators including hs-CRP and circulating endothelin can be exacerbated by hypomagnesemia in HD patients [24] . Mg deficiency could induce high circulating amounts of IL-1, IL-6 and TNF-α, which can further stimulate free radical production in endothelial cells and circulation white blood cells [25] . A small-scale clinical study showed that magnesium treatment results in a significant reduction of serum malondialdehyde, an indicator of lipid peroxidation due to oxidative stress [26] .
Long-term Mg supplementation has been reported to reduce carotid intima-medial thickness in dialysis patients [27] . Another analysis showed that maintaining a high Mg level was beneficial to improve cardiovascular prognosis of hemodialysis patients with hyperphosphatemia [28] . However, further studies are needed to clarify whether oral Mg supplement for hypomagnesemia or higher Mg concentration in the dialysate would reduce risk of mortality in MHD patients.
It has been reported that the variability of hemoglobin [29] , serum calcium and phosphorus [30] , as well as variability of serum potassium levels [9] are closely associated with clinical outcomes. However, few studies have investigated Mg variability in MHD patients. In this study, we found that higher serum magnesium CV had higher all-cause mortality than that in the middle variation group, and slightly higher than that in the low variation group in Kaplan-Meier curves. However, there was no difference of all-cause mortality in the univariate and multivariate Cox regression analysis, serum magnesium CV was not the independent factor for all-cause mortality and cardiovascular mortality. It seemed that the Mg baseline outweighed the Mg variation to predict the mortality in MHD patients. However, this is a retrospective study with a relatively small sample size. Further studies need to be conducted.
This study is a retrospective and observational database study and some limitations need to be noticed. First, all subjects enrolled are recruited from one single center, leading to a relatively small sample size. Second, there is a potential selection bias when we evaluated the association between serum magnesium variability and mortality. Because the enrollment criterion was patients receiving MHD for more than 3 months with at least four check-ups of serum magnesium. However certain patients with relatively lower or higher serum magnesium levels might have died before completing the 3-month therapy or four serum magnesium check-ups, making this part of data excluded for analysis. Therefore, the study may underestimate the negative roles of serum magnesium variability in mortality. Third, factors affecting serum magnesium levels, such as dietary intake, loss via dialysate and urine, were not assessed in the present study.
Conclusions
Patients on dialysis have a mortality rate higher than the general population. In this study, the lower serum magnesium baseline level is independently correlated with all-cause mortality and cardiovascular mortality in MHD patients. However, the variability of serum magnesium level was not independently associated with the risk of death. Therefore, prospective studies with bigger sample size are needed for further study.
